Cryptococcus neoformans can directly infect the vocal cords. Endoscopic findings were undistinctive from most infiltrative diseases. Tissue biopsy was essential for the diagnosis. Inhaled corticosteroids can predispose to the infection, and fluconazole 400 mg daily for at least 6 weeks appeared to be minimal to achieve a permanent cure.
Infections caused by Cryptococcus neoformans occur mainly in immunocompromised hosts and most commonly present either as primary lower respiratory infections or as secondary disseminated processes [1] . Cryptococcus neoformans has been associated with exposure to pigeon excrements [2] . Viable airborne particles reach the respiratory tract and cause a primary focus of infection in the lungs. Cryptococcal pneumonia may remain confined to the lungs but may also disseminate to distant organs and tissues, most frequently the central nervous system (CNS). A deficit in host cellular immunity increases the risk of developing a cryptococcal infection [1] . Cryptococcus neoformans possesses certain virulence factors (such as the production of a large polysaccharide capsule and the accumulation of melanin pigment in the cell wall) to bypass host defenses.
Lesions associated with proven Cryptococcus infection of the larynx have been reported occasionally [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . The nonspecific clinical findings can evoke a wide range of alternative diagnoses thus leading to a delay in appropriate treatment.
We describe the distinctive findings pertaining to laryngeal cryptococcal infection along with a well documented case of vocal cord infection and a review of the recent literature.
CASE REPORT
A 78-year-old woman was referred for persistent hoarseness evolving over the previous month. She was chronically treated with inhaled budesonide for mild asthma. Her medications included warfarin for chronic atrial fibrillation and pantoprazole for gastroesophageal reflux. She had no smoking history or risk factors for human immunodeficiency virus (HIV). No exposure to pigeon feces was reported, but the patient was an active gardener.
The first flexible laryngoscopy examination revealed bilateral whitish vocal cord lesions compatible with the diagnosis of fungal laryngitis. There was no clinical response to a 3-week course of oral fluconazole (100 mg daily). Subsequent endoscopic examination showed irregular vocal cords with erythroplakia-an erythematous area on the mucous membrane. A right vocal cord biopsy demonstrated nonspecific, chronic inflammation with hyperplasia and yeast-like structures beneath the hyperkeratosis. A second 3-week course of oral fluconazole (100 mg daily) was administered with a good clinical response, based on the clinical reassessment of the next follow-up visit.
The patient presented with a similar alteration of her voice almost 1 year after the first episode. Marked edema and leukoerythroplakia of the right vocal cord was observed (Figure 1) . A biopsy was performed and revealed the presence of numerous small budding yeast-like structures within a neutrophilic infiltrate (Figure 2 ). Positive alcian blue and mucicarmine staining revealed yeast-like structures enclosed in large capsular polysaccharides. Specific Fontana-Mason staining detected the presence of melanin in the yeast's cell walls. These combined findings were sufficient to confirm the diagnosis of C neoformans infection [17] . Furthermore, C neoformans nucleic acid was detected in the paraffin-embedded tissue biopsy using a polymerase chain reaction assay with pan-fungus primers that targeted ribosomal RNA genes and internal transcribed spacer sequences.
This unsuspected diagnosis lead to a complete medical investigation. Extensive physical and neurologic examinations were normal. Chest and brain computed tomography-scans were unremarkable for any sign of past or present infection. Complete blood count was normal. Serum cryptococcal antigen and HIV tests were negative. There was no indication for lumbar puncture in the absence of any neurologic manifestations. Oral daily fluconazole was increased to 400 mg. The dose of the inhaled corticosteroids was decreased. Her symptoms resolved progressively and fluconazole was stopped after 15 weeks of therapy. The patient remained asymptomatic on subsequent clinical evaluations. A follow-up laryngeal endoscopy was performed 9 weeks after the completion of the antifungal therapy. All of the previously described abnormalities had disappeared (Figure 1) . The first vocal cord biopsy taken 10 months earlier was retrospectively assessed. Similar histochemical characteristics were highlighted, suggesting that the yeast-like structures found at that time were indeed compatible with C neoformans.
Review of the Literature
We retrieved medical publications going back 20 years using "cryptococcal infection, vocal cord, larynx, laryngeal cryptococcosis, and Cryptoccoccus" in the MEDLINE/PubMed database. References from selected papers were systematically reviewed to find any supplementary cases. Table 1 includes the 16 laryngeal infections previously reported in the literature along with the present case. There was a definite male predominance (71%; 12 of 17 cases) with a median age of 60 years. Only 2 patients had documented environmental exposure to chickens or pigeons. An underlying medical condition could have predisposed to the infection in 13 patients: 4 with HIV infections (3 with acquired immune deficiency syndrome [AIDS] criteria), 7 patients on glucocorticoid medication (including 5 inhaled topical steroids), and 3 diabetic patients. Furthermore, 5 patients were heavy smokers. The common initial complaint was the persistence of voice hoarseness (100%). It is remarkable that no concomitant systemic symptoms were reported for 14 of the 15 evaluable cases (93%). Furthermore, serum cryptococcal antigen was negative in 9 of the 11 evaluable patients. The titer of 1 antigen-positive patient was in the low positive range (1:8).
The spectrum of endoscopic findings ranged from limited local erythema (n = 6) with or without leucoplakia (n = 5) to a local swelling (n = 4) or verrucous to polypoid lesions (n = 12). Lesions were described as bilateral in 4 patients and unilateral in 7 cases. In all patients, a tissue biopsy was essential to obtain the appropriate diagnosis.
Excision of the lesion without antifungal treatment appeared to be effective in 2 cases where the mass was polypoid or well circumscribed. One patient received no treatment, and 14 patients were treated with systemic antifungal drugs. Three patients were initially treated with amphotericin-B, one of whom was a severely ill AIDS patients with CNS infection and systemic symptoms and subsequently died.
Eleven patients received a triazole antifungal drug as the only treatment. Fluconazole was the preferred drug for 10 of them. The usual daily fluconazole dose was 400 mg, and the treatment duration ranged from 6 to 44 weeks (median 8 weeks). In the 14 evaluable patients, only 1 had persistent symptoms after treatment completion. Ten patients had a posttreatment endoscopic examination. Seven patients were completely cured, 1 was improved, and 2 had persistent inflammation or swelling.
DISCUSSION
Cryptococcus infection of the larynx has been observed sporadically [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . In the reported cases, both the nonspecific local symptoms and the lack of obvious exposure to an environmental source delayed the correct diagnosis. Because the endoscopic findings were diverse and nonspecific, a biopsy was critical to making the diagnosis. The presence of yeast-like structures within the deep inflammatory reaction proved that the C neoformans was the cause of the chronic local infection. The fact that many patients had no evidence of respiratory or systemic infection along with the negative serum antigen suggested that the larynx could have been the first and only site of the Cryptococcus infection.
Only 4 of the 17 reported patients were HIV infected. The most commonly predisposing factor for Cryptococcus infection in non-AIDS patients was the use of high doses of adrenal corticosteroids [18] . In this series, 7 patients were exposed to glucocorticoid medication, 5 of them with inhaled steroids as their only risk factor. We suspected that the inhaled corticosteroids could impair the local defenses and predispose to the development of the Cryptococcus infection at the level of the vocal cords.
Current guidelines for the management of Cryptococcus infections do not address specific treatment for infections involving the vocal cords [19] . In the present case report, multiple courses of low-dose fluconazole failed to eradicate the infection. Another case had persistence of hoarseness after 6 weeks of fluconazole 200 mg daily. A higher dose of fluconazole appeared to be important to achieve the permanent eradication of the infection. This is supported by epidemiological data showing that C neoformans isolates usually express a reduced susceptibility to fluconazole compared with Candida isolates [20] . All infections treated for at least 6 weeks with a dose of fluconazole of 400 mg daily resolved.
Current clinical practice guidelines for the management of cryptococcal disease recommend lowering systemic corticosteroid doses in the immunosuppressed hosts [19] . It seem reasonable to extrapolate to consider lowering or discontinuing inhaled steroids as part of the management of cryptococcal infections of the vocal cords.
CONCLUSIONS
Despite of the small number and the retrospective nature of the reported cases, we were able to describe the most relevant clinical data pertaining to C neoformans infection of the vocal cords. This entity could represent a unique primary local infection that was promoted by the use of inhaled corticosteroids. Tissue biopsy was essential to making the diagnosis. Complete local excision or intensive antifungal therapy were necessary to achieve a cure. Clinicians should consider a C neoformans infection of the vocal cords in the differential diagnosis of patients presenting with chronic hoarseness, especially amongst patients using steroids.
